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ABSTRACT 


In  a series  of  simple  yet  elegant  experiments  at  tht  telescope  the 
essential  Independence  of  scintillation  and  image  motion  baa  been  demon- 
strated. Violent  image  motion  can  result  from  modifying  the  refractive 
index  of  the  adr  in  the  immediate  vicinity  of  the  telescope,  but  corres- 
ponding changes  in  scintillation  fail  to  appear.  The  two  phenomena  are 
frequently  not  distinguished  in  the  term  'astronomical  seeing1  as  used 
in  the  literature. 

Verification  of  a number  of  particulars  in  a theory  of  astronomical 
seeing  recently  proposed  by  Keller  has  been  obtained  in  a series  of  in- 
dependent experiments  by  Keller  and  Hardie  at  the  Perkins  Observatory, 
using  an  artificial  star  and  controlled  turbulence  in  the  air  path.  Ab 
theory  predicted,  when  turbulence  was  small  the  images  observed  in  red 
light  ware  sharper  than  those  observed  in  blue  light. 

Preliminary  magnetic  tape  recordings  of  Btellar  scintillation  in 
daytims  and  nighttime  were  made.  Calibration  of  the  tape  recorder  and 
associated  equipment  proved  to  be  a major  problem. 
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PBR80KMKL  AND  ADMINISTRATION 


There  wore  no  changes  in  personnel  and  none  in  administration.  In 
fact,  there  have  been  no  changes  in  personnel  Bince  the  inception  of  the 
project.  The  principle  of  a small,  well-knit  team  has  resulted  in  a high 
degree  of  staff  stability. 

Facilities  at  the  University  are  adequate,  enough  space  is  available 
for  the  prosecution  of  the  vork,  and  the  telescope  and  accessories  are  in 
good  condition. 


COMMUNICATIONS 


A scientific  report  'Astronomical  Seeing  and  its  Relation  to  Atmos- 
pheric Turbulence'  by  Dr.  Geoffrey  Keller  was  published  through  the  Ohio 
State  Univeristy  Research  Foundation  and  forwarded  to  Air  Force  Cambridge 
Research  Center.  This  paper,  a mathematical  treatment  of  the  action  on 
starlight  of  disturbed  layers  of  atmosphere,  will  also  be  issued  in  a 
larger  edition  by  AFCRC  and,  in  a slightly  revised  form,  will  appear  in 
the  Astronomical  Journal . It  has  been  accepted  for  publication  in  that 
journal  after  review  by  Dr.  Chandrasekhar  of  the  Terkes  Observatory. 

On  January  22,  1953 > Dr-  Keller  and  Dr.  Hynok  conducted  a Joint  col- 
loquium at  the  Harvard  College  Observatory  on  the  subject  of  ' Astronomical 
Seeing' . The  meeting  was  well  attended  by  astronomers  and  physicists. 

In  February  Dr.  Hynek  attended  the  Symposium  on  Self-Contained  Navi- 
gation Systems,  held  at  the  University  of  California  at  Los  Angeles.  These 
meetings  were  classified.  At  the  same  time  Dr.  Hynek  had  the  opportunity 
of  spending  several  days  at  the  Mt.  Wilson  Observatory.  Discussions  with 
Dr.  Baade  on  studies  of  astronomical  seeing  at  the  Mt.  Wilson  and  Falomar 
Observatories  were  very  stimulating.  The  conversations  were  communicated 
to  the  project  staff  in  Columbus. 

Dr.  Heinz  FiBcher,  project  scientist,  visited  in  Columbus  late  in 
January  to  review  the  progress  of  the  work. 

As  always,  informal  liaison  with  Dr.  Hall  and  his  co-workers  at  the 
U.  S.  Naval  Observatory  has  been  maintained.  They  have  kindly  kept  ue 
informed  of  the  progress  of  their  attempts  to  determine  the  height  in 
the  atmosphere  at  which  scintillation  sets  in. 
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STATEMENT  OF  THS  PROBLEM 
AND  METHOD  OF  ATTACK 


The  central  problem  under  attack  ia  the  behavior  of  the  stellar  image, 
particularly  in  the  daytime,  with  the  long  range  viev  of  using  observations 
of  stellar  image  scintillation,  pulsation,  and  movement  as  an  upper  atmos- 
phere probe . 

Clearly  the  first  stage  of  this  broad  problem  is  the  quantitative  Btudy 
of  the  actual  behavior  of  the  stellar  image;  the  second  is  to  gain  insight 
into  the  physical  causes  of  the  observed  behavior  through  laboratory  experi- 
ments and  theoretical  studies;  and  finally,  a systematic  plan  of  observa- 
tions must  be  applied  to  the  atmosphere  problea,  to  the  problem  of  star 
trackers,  and  to  the  astronomical,  problem  of  optimum  use  of  optical  equip- 
ment for  specific  purposes,  such  as  the  photography  of  the  sun  and  planets. 
It  may  be  stated  that  although  astronomers  have  had  long  experience  Kith  the 
' seeing'  problem,  no  real  attack  on  understanding  the  problem  with  a view  to 
better  utilization  of  existing  telescopes,  both  large  and  small,  has  ever 
been  made.  Experience  has  led  only  to  empirical  'rule  of  thumb’  methoda 
that  have  been  used  to  minimize  the  effects  of  ’seeing’  in  the  photography 
of  details  on  Mars  and  other  planets,  in  spectroscopy,  and  in  photoelectric 
stellar  photometry. 

The  broad  objective  of  this  project  work  at  the  McMillin  Observatory 
is  to  obtain  quantitative  measures  of  image  behavior,  and  an  understanding 
of  its  physical  causes  so  that  these  may  in  turn  be  applied  to  optical  and 
electronic  problems,  some  of  a military  character,  in  guidance  systems, 
in  meteorology,  and  in  astronomy. 

To  date  w*  have  concerned  ourselves  with  only  one  aspect  of  the  first 
portion  of  this  threefold  problem  - quantitative  measures  on  the  scintil- 
lation of  the  stellar  image.  Only  now  are  we  ready  to  attack  a second  phase 
of  this  first  portion,  the  measurement  of  image  motion,  both  as  to  movement 
of  the  center  of  gravity  and  the  variation  of  image  diameter.  The  approach 
here  is  through  mot ion- picture  photography.  This  does  not  imply  that  the 
scintillation  work  is  complete,  but  only  that  it  is  well  enough  along  to 
allow  some  diversion  of  effort  to  associated  problems. 

The  theoretical  work  of  Dr.  Keller,  experiments  performed  by  Dr.  Keller 
and  Dr.  Hardie  (of  the  Perkins  Observatory)  and  several  experiments  at  the 
McMillin  telescope  performed  by  Mr.  Hosfeld  represent  an  excursion  into  the 
second  phase  of  the  three-fold  problem,  the  gaining  of  physical  insight  into 
the  causes  of  scintillation  and  image  motion. 

It  is  anticipated  that  several  years  of  work  is  yet  necessary,  some  at 
other  geographical  locations,  before  the  major  portions  of  the  total  problem 
are  solved.  It  is  anticipated  that  tbs  McMillin  telescope  and  auxiliary 
instruments  will  be  committed  to  this  problem  for  several  years. 
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SUMMARY  OF  BIGNIFICAHT  RESULTS 
OBTAINED  DURING  REPORT  PERIOD 


Systematic  program  observations  were  greatly  impeded  by  cloudlneas 
during  the  vinter  season.  The  major  effort  want  into  the  laboratory 
program  involving  some  specific  experiments  at  the  telescope  which  proved 
to  be  of  considerable  significance. 

Mr.  Hoafeld  conducted  these  experiments  and  a technical  report  is  in 
preparation.  It  will  suffice  here  to  outline  the  theme  of  the  experiments. 

, It  has  frequently  been  asserted  by  some  astronomers  and  meteorologists 
that  the  major  cause  of  poor  'astronomical  seeing'  or  optical  damage  to  the 
image , occurs  in  the  immediate  vicinity  of  the  telescope,  and  hence  that 
stellar  twinkling  can  hardly  be  used  as  an  index  of  atmospheric  conditions 
at  some  altitude  above  the  surface  of  the  earth. 

That  this  conclusion  is  based  on  confusion  as  to  what  constitutes 
'poor  seeing'  is  clearly  shown  by  Mr.  HoBfeld's  experiments. 

Three  commonly  used  criteria  of  seeing,  i.e.,  image  motion,  image  defi- 
nition, and  intensity  variation,  wens  obBenred  while  rather  large  air  temp- 
erature inequalities  (of  the  order  of  30*F)  •were  Introduced  into  the  tele- 
scope dome  by  admitting  warm  air  from  an  adjacent  hallway. 

As  might  be  anticipated  on  the  basis  of  general  experience  at  the 
telescope,  the  first  two  criteria  were  greatly  affected.  The  definition 
of  the  moon' s image  was  ruined  and  the  motions  of  stellar  images  increased 
several  fold. 

The  case  of  intensity  variation,  or  scintillation,  however,  proved  to 
be  quite  a different  matter.  No  change  ia  the  scintillation  of  stare  near 
the  zenith  was  observed  when  warm  air  was  admitted  to  the  telescope  dome. 
Neither  was  any  change  observed  for  stare  near  the  horizon.  No  change  was 
observed  in  the  scintillation  of  an  extended  source  area  (the  planet  Jupiter). 
Finally,  no  change  could  be  detected  in  stellar  scintillation  even  when  the 
telescope  aperture  was  stopped  down  to  a diameter  of  one  inch. 

Air  temperature  disturbances  near  the  telescope  were  incapable  of  pro- 
ducing any  detectable  change  in  the  intensity  variations  normally  present 
in  the  stellar  beam  in  spite  of  the  fact  that  the  normal  image  motions 
were  increased  several  fold  and  the  definition  was  ruined. 

The  intensity  variations  were  measured  by  using  a 1P21  multiplier 
phototube,  an  amplifier,  and  a Brown  Recorder  as  described  in  a previous 
report. 
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The  essentially  total  independence  of  image  distortion  and  motion, 
and  the  scintillation  of  the  image,  can  be  reported  as  a striking  and 
significant  result  and  one  that  hae  not  previously  been  reported  in  the 
literature . 

The  experiments  vill  be  described  fully  in  Scientific  Report  2 to 
be  issued  under  the  present  program. 

Experiments  leading  to  the  verification  of  the  theory  of  'astronom- 
ical seeing'  recently  proposed  by  Dr.  Keller  were  conducted  at  the  Perkins 
Observatory  by  Drs.  Keller  and  Hardie.  The  results  of  these  experiments 
vill  appear  in  Scientific  Report  3 to  be  issued  under  the  present  program. 

A brief  resume  of  results  will  suffice  here. 

An  artificial  star  was  employed  for  these  tests  and  turbulence  in  the 
air  path  between  the  artificial  star  and  the  optical  system  was  produced 
under  controlled  conditions.  Within  the  precision  of  the  measurements, 
the  experimental  results  were  all  in  agreement  with  the  theory.  Hotably, 
experiment  confirmed  the  prediction  that  when  Beeing  conditions  are  good 
(small  turbulence)  images  observed  in  red  light  are  somewhat  sharper  than 
those  observed  in  blue  light. 

The  Keller  theory  deals  quantitatively  with  image  size  and  the  distri- 
bution of  light  within  the  image  and  qualitatively,  as  yet,  with  scintil- 
lation and  image  motion.  Astronomical  seeing  can  be  defined  in  terms  of 
several  observational  criteria  which  are  to  some  extent  independent  of  each 
other.  That  is,  image  steadiness,  image  definition,  and  image  scintillation 
can  be  independent  of  each  other,  as  Hosfeld's  experiments  hare  shown.  The 
detailed  functional  relations  between  the  three  criteria  above  and  the  dis- 
tribution of  intensity  within  the  image,  the  principal  concern  of  the  Keller 
theory,  should  prove  an  interesting  problem. 

It  will  be  of  particular  interest,  in  view  of  the  demonstrated  independ- 
ence of  scintillation  and  image  motion,  to  establish  with  which  of  these  two 
criteria  of  seeing  the  turbulence  that  produces  change  in  image  intensity 
distribution  is  correlated. 

Studies  in  the  harmonic  analysis  of  stellar  scintillation  were  seriously 
delayed  by  difficulties  which  developed  in  the  operation  of  the  magnetic  tape 
recorder. 

The  tape  recorder  method  is  without  question  an  ideal  manner  in  which 
to  record  stellar  scintillations,  provided  that  fidelity  of  recording  and 
transcription  can  be  had. 

During  the  process  of  calibration  of  the  tape  recorder  and  associated 
equipment,  it  was  discovered  that  the  output  of  the  recorder  was  erratic. 
Considerable  instrumental  noise  of  an  unpredictable  nature  was  apparently 
being  introduced  by  the  recorder  itself. 
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Numerous  minor  changes  in  circuitry  and  in  scanner  of  operation  were 
made.  For  instance,  high  frequency  signals  from  the  multivibrator  used 
in  the  recorder  circuitry  were  being  pulsed  up  by  the  preamplifier  when 
high  imput  impedances  were.  used.  This  was  sufficient  to  drive  the  pre- 
amplifier to  cutoff  when  signals  which  it  could  normally  handle  were 
applied . 

The  noise  which  new  remains  in  the  system  appears  to  be  only  that 
associated  with  the  tape  transport  mechanism.  However,  successful  pre- 
liminary recordings  on  tape  of  a star  in  both  daytime  and  nighttime  have 
been  made . 

Calibration  and  testing  of  the  magnetic  tape  mechanism  continue  to 
occupy  the  major  portion  of  Mr.  Protheroe's  time. 


FUTURE  WORK 


Mr.  Hosfeld  will  continue  the  preparation  of  his  paper  on  the  in- 
dependence of  image  motion  and  scintillation.  He  will  also  extend  his 
efforts  to  the  photographic  study  of  image  motion  and  distortion. 

Measures  of  gross  scintillation  of  stars  (integrated  effect  of  frequen- 
cies below  10  cps)  in  the  daytime  to  provide  continuity  of  record  will 
be  continued. 

Mr.  Protheroe  hopes  that  the  many  Instrumental  difficulties  which 
beset  him  in  the  'automatic'  recording  of  daytime  stellar  scintillation 
will  be  conquered.  These  difficulties  arc  of  major  concern  because  the 
phenomenon  under  observation  is  a threshold  one,  particularly  in  the  day- 
time case  where  one  is  literally  'picking  a signal  out  of  the  blue'. 

If  and  when  instrumental  difficulties  are  overcome,  harmonic  analysis 
of  considerably  more  detail  than  before  will  become  possible. 


NOTE:  In  submitting  this  report  it  is  understood  that  nil  provisions  of  the  lontract  between  The  Founds 
tion  and  the  Cooperator  and  pertaining  to  publicity  of  subject  matter  will  be  rigidly  observed. 
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